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(54)TltIe: HOT-DIP Zn-AI-Mg COATED STEEL SHEET EXCELLENT IN CORROSION RESISTANCE AND SURFACE 
APPEARANCE AND PROCESS FOR THE PRODUCTION THEREOF 

(54)^p^ (o^ m J: tj^*ffi^m<o a»^i:^azn-Anvig«) o ^ ± u^(ommm 





e 




(A 1 yz n/Z n.M0O£5&^M«) 








1 1 


H — ^ — 1 




1 1 






1 lit 1 






1 1 









e ... Al/xi>/tn,Ngr 

(57) Atefa-art ^^^^ ^^^^ thereof a coating layer which is formed by hot dipping and which consists of 4.0 to 10 wt.% of Al, 

1 0 to 4 0 wt % of Mg and the balance consisting of Zn and unavoidable impurities, the coating layer having a metallic structure m which a 
proeutectic Al phase or both of a proeutectic A! phase and a single Zn phase are dispersed in a matrix of an Al/Zn/Zn^Mg ternary eutectic 
structure The coating layer having such a metallic structure can be formed by properly controlling tiie rate of cooling the coatmg layer 
adhering to tiie steel strip pulled up from a plating bath in continuous plating equipmem and the temperature of the platmg bath and/or by 
addine Dtooer amounts of Ti and B into tiie plating bath. The streaking inherent in such a coated steel sheets is inhibited by controllmg the 
configuration of a magnesium-containing film generated until the solidification of the coating layer or by the addition of a proper amount of 
Be into the plating bath. 
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:St/ct>©T«.oT. J>6o#ia©mtS^^BB-em^L/c«i:^lC, M.-S^ 
icmn^ Z n ,,Mg2^©+B (A 1 / Z n/Z n , , M g 2©H7c;*0^9ffi^ 

©^ii!i^t>o*B) {±. ^m^#fe^<^:'c^$T'^i#^Ln^^^t>©-e*'So 

-rtii^^, ^m^b-o^mco^mmmit, ca i/zn/zn2Mg©= 

7t;*^B^^] ©^mi : 5 0 ~ 1 0 0 ^||%*jSa. C^O^bAUB) :0^ 
5 0 *J«fcU^ CZ nmtB] : 0 ~ 1 5 ^>^K6^tC 

Mg2^©ffi*^nia{w^W^-^x.^«t -^^.i^T'li^^LniO^itl^^ C t 
gta«I^TH«JS!l*C#/j:«/"» ck -5 nc^i^M© Z n ,,M g 2^©ffi(i# 
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tk{::S^i'^^W^-^9-;t^®T-, :^^m(^WiB9\--V$>Zo -£fc. ZnzMg 

CD-e^-So C©cfc9/AZ n iiM gz^©tB*^JJ.n'&-<i:g<*li. Zn- 
A 1 -MgH7n¥iiil^J^«0-ti^*Jt:^'S^7C*B^B.^.ifi^®^®J*0^^*i'«* 

C. r^^a^M 5 0"caT-t?t. ^«iJ::$g'-*L<(i 4 7 0 °Ci^TTfe}^^P 

*§gPJ-els^-rs^lgmi^*^#'^nsc«^:*<t>*^o/co cnu. zn- 

c(Dm.^^mm-t^t, iij^i§si[J6o^^<iJw*ji>T. ai : 4.0- 
1 0 M g : 1.0-4.0 n ^j:.tj^r-^Mmr- 
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-ti-li. 53cc^li. a^-y^mc^rs^^ A 7 0 °Cia±t LJioj6o $?^©?^i|J 

^IS^ t>oSfJt1'±to<j;Cf^®ni8®M04-?§Mii Z n-A 1 - Mgi6o# 
ii ^ ^ X S (Kl { w f C i J{)^' T # o 

%. Mg=3ffiM%. Z n = 9 3 fiJ:%) (C^^tl— i^[$-^i■/c^>©^w■r 
^ T i§ #t ffliJ ® m sR; i -r s o J; t ^ o 

^-^M^kO'{%m^mi^^^7t^BBt LXCOZ n ,,Mg2^Z n zMgC^filc 

?&?a^±{f IC^jttoT Z n ,,M g zOa^BtB-r ^fiJ^^^M^^ L. 4 7 0 
LTl^-S -eoS^li. Kff^liT'^ /a *>®0. J6^^^ 
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^<Dm, -rUfy^ CA 1 /Z n/Z n , , M g 2® = Tt^H^aM^) OlkM 

C© J: ^ Z n iiM g z^©*B©^S)<;<!:J5)(;:gli, fl«sa 
M g^©ta, •tUt>^ [A 1 / Z n / Z n 2M g © = 7i:#t a^affi^D 

T i t BCOmm^hfZ'^X\t, T i th(0\t^^m:^\^i: i B 2^iii* 

/cliT i B2^i^ffl-r^-<i:A^"C^. t /c. Ctl «i T i • B j^Aa^4'J^ 
liT i B2^#^£$-tirS- «i:*^-C^^o 
^ifeZ n J6o ^iilCiimOT i <J: B^^iD L^a6 o ^lO-^^M^i 
fl?'Jx.li#lf1BH 5 9 - 1 6 6 6 6 6 n^ii:^ (T i • B^ftDCJ:^ Z 
n - A 1 -^^©S^B^B^iOS^Sl^^k) . #^BS 6 2 - 2 3 9 7 6 -^42j#B (X 
/N->r;u©m«B<b) . #M¥ 2 - 1 3 8 4 5 1 -^^^fg (^^^©ffillt:: 

x^^mmmonm^ . #^¥2 - 27435 i^42j^ (.wt^tm^s^m 

mfiSt©Zn-A 1 - Mgl^^gifetoo^O t><DTIi/i:C^o -mi^^-^Znz 
Mg^O'TB^^fiKt Z n ,iM g 2^©*S0WI$IJ «fc C^ r> /cffl^fe^ffillwSK^ 



WOi«W6103 H # PCT/JP97/04594 

1 8 

•TT i • B©f^ffi^mii-nt-e©cbC6**aT*>o/Co n£fc#r?^¥2 
- 2 7 4 8 5 1 -^4>#B(w(i 0 . 2 S*%*T'©M g ^-^W LT ^i^l^i 

Z n - A 1 - M g 3^ita!llJ6-5 ^Tli, Z n , iM g 2^®+a*<^il 

B^mm.^M-r^ t z n ,,m g z^o^g©-^-^ xj^^^^-fii-c/h^ < o. 

T i <i: B li Z n 2M g 3^.©*0^^^ LTfiSS^-fr-S C S C 

-tfit>t>, i§m26'p #)14-'©T i i B li. Z n . i M g 2^©*@©^^ 
• fiKS^W^lJ-r-SfPffl^^^t-^O-C^SA^ T i -^^4*^ 0. 0 0 2fi 

0. 1 fi*%^jSx.^ ir. J6o#ISff{CTi-Al 3^©4iT{±J'#l3{)^^S 

T, T i 0.0 0 2 — 0.1 m.m%t-r^(Dt<xi^o ^/c 

WalCO0^T(i. 0.001 nmH^m-VltZ n i,M g zfflO^fiK • fijc^l 

t. Jl6o^Ji4'CT i - B^^l>liA 1 - B^.omB^^tm 

J; 9 (C/j:<5©-C$f ^ b < li/il^o L:fe*^oT. B^WS« 0.001- 
0.0 4 bmA%t-t^(Df}^J;:\^^o 
mMZ n - A 1 - M g^^too #?&{CT i tB^WiliW L/c^-^JCti. ^ 

< iiSOT. Z n 2Mg3^©*@:6>«^>Ai;S45:^B^{C^j^-9^mm^^#^^ 

mt. T i <!:B*^irauni:o<i:^ J;Omfn$n. ^aliibo^fsom^ci: 
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?^HB©^M1i''JT'^-r J; 9 (C. ^S?ll*M 1 0 °C J; «9 f£ < Jao?^i|JiiJge/>< 7 
r OiH/^i:. fltTSfi© Z n , ,M g z^.com^m.'^Akizmn ^ o 

?^iPaiJS;6<0. 5t:/S?Oj;-9ni:ii< i:C6"rt>. Zn,,Mg2 

A 1 : 4 . 0 ~ 1 0 . 0 M g : 1.0 — 4.0 T i : 0 . 

0 0 2 ~ 0 . 1 mM%, B: 0.00 1~0. 045 1:4%. ^^P*^ Z n 

^mm^nMt Lx cm^jzitmmm±(DTmmxs^ ^ o . 5 x^y-i^i^ 
mi^cDid ^ h-^m^knis jium^fmo Biitjummz n Si6o ^ 

{::*>H>Tli?!StacD±l©{i 5 5 OVtL, z.ti&,'r<Dr4i^xmMis^>'^^ir 
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WJ^^tH^^mOT i • BCD^^X'lt, T i . B. T i H z^Um'I'm'M 

^ © ^ ^ jip -r ^ 1^ { w o t ^ T ufe 0^ -r o 

i^xm.n6^mx^^ib^, zM<?^^LtztLx^, -eoiijt^^amm 
/j:^,^o z(Dfztb, zo^'^om^mcDmm^'mmit-r^mmti.xr^ 

(1) r^ii^S (%) J ^jJjiffl-rao cnti. ^^«^n/c^6o^^t£ 
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^M!^ (%)=100xNniX(M + V)/L ••(!) 
L=iHli:g^ ( lOOx 10' A« mJ^±. {{rilx-lf 250X lOV m <t-r a) , 

^ iritiRij^n'So llP^OiC^, 26o ^BO^^IS^®^ E S C A^ffl 
TSfefe^MCi^-fbLTl^-S C iT&^^^o/Co COgJ-fbMOC 
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2 2 

»i 5 1 1 ± {f <i n -5 ^§ifei6 o ^ il^^:»crv.1§^ II «i Fi3 Sll-r S '> - -'U 

8 vol. %uyt-t^ 0 . 1 %uy t-r^±.X'm^^'h^ 

m\ 2 li. 2|s:|igBfl{ciie-9 Z n - A 1 - M g ^0^^11126 o ^ m 1 ©"ftw. 
^^\-)y:>tl^o C(DU^ ll>^y XJUbit. ®CDl|iS:^|oJiC (*K®o^g 

« 3 vol. % t LT t>. M g-^^^ltZ n^Ji>o #S19^©BljiBO*S 

x^^^ML. 'e©:^xii4RBoCf&oTT:^<t_t:^(wj^i5it<t LTiJisns 

t /<£ y'T f>;r#x4'©Bfe^^gig*^3 vol. 26 o 

^®*^a@t-'Sig©FBl{waii$i5©^-n^-^ (-rti^t») 
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^U/ct>0-C*6o •>->'U+wy X 6 Ji. ^ (D X ij - h & a (Dt^W^ 
7 ^ ftJ^ t> O T 0 . O 4' {C 7 ^ t° > r y X ;l/ 5 ;!)<g5fcffi ^ nT I ^ o 

^' -y ^ X 6 l^©!t^iiJ!t^ 8 vol. %^T'rr-W LT t^ll^m^ 
0 . 1 %\>Xy t-^^ C (tT&^T-^ ^ C ti)<'t>t^':,iZo i/-)V^> -y X 6 1*3 

X;U5 :*^b'!X^ai-r:^-x4'a)e^^ZiJK^ 8 vol. %JaTit-ni^"J:t^o L 

c©B e mum^ X ^u^mnmmmitm^cD B e^mAHi^o. 0 0 1 
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0 5 m&%mm'v^(Dn^^^^fa't6o ^tz, b e o . o 5 mM%^ 

B e (D^MMU 0.0 0 1 — 0.0 5 MA%(DmB'V-^h\l-t ^ (Di)< Xt^^o 

COB e mnmc ^ zmmmG>mp\it, mn^ou^ ey^n^-^^tzit-y 
mmnm(Dmmit. zn^^ugz^omcD^^^muir^T i - Emm 

X'^ihtlfzmWki6r>^m^t UT. Al: 4. 0 — 10.0 3:3%. M g 
: 1 . 0 ~ 4 . 0 MM%, Be: 0.001-0. 05 $ b IZS^ 

(wt&bTT i : 0.0 0 2 — 0.1 nS.% t B : 0.001 — 0.04 

mmm'^izm^Lfzmwiz nm^6'^^mux^'^x, ^mib-^^mib^. 
moj:ummHm(D0:^xm^moti\,^mmz n-Ai-Mgi^ii)-,^ 



mmm i ) 
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fnimmm ^mf^monmrn^ im^ : 3 . 2 mm) 
7 ^ >\H(DM7tpmMmmm^ : 6 0 0 1:. 

i6-pi:^^fi5(; : A 1 =4. 0~9. 2^*%. Mg = 0~5.2m»%. m 
U= Z n 

J6 t : 4 5 5 °C 

^mu(DmMn.m.m=^rf':,fzo m^mts st(jis-z-237i 
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i:>o#f^ias5c : A 1 =0.15~13.0m*%, Mg=3.0I 
Z n 

i^-^^M-U : 4 6 0 °C 
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mmmm mm.mm(D^mm^ ^^-r yvmf^, : 2.3mm 
mrLr^Mmmmmi^ : 5 s 0 "c. m^\^3mn.cDnj^i : - 3 0 "c 

tb-o^mm^ : A 1 =4. 8~9.6mfl:^6. Mg=l.]~3.9mfl:%. 
^mia : 3 9 0 ~ 5 3 5 °C 

JK^JiO^itt:-. 5fe-r Z n -6. 2!«A 1 - 3. OililM g ©f^MfiX <i: Lfz^<DiC 

*l6B«T^^-rS^M^^. -r^i:^-^ CA 1 /Z n/Z nBMg© = 7t 

<t CA 1 / Zn/Zn^Mg®H5t;*B«Bm^] t©^atA<8 0 

^/c^ 3 {w*^l^T. CZ n 2M g + Z n ,,M g 2D i t *> ® li. 

Mg2^©*a?&^sm*iJ»rT#S J;9ni::^^$«wmn/ct>©t?^So c© 
»i.^:t^©Zn,,Mg2^©*S(i. me lC5^>L/c<k-9C. CAl/Zn/ 
Zn.,Mg.©H7C*B^Bm^) ©mife^l^ CA119Jb-«) * /cli CA 1 19J 
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f^ffl^^Z n -4.3XA I - 1. 2J5M g . Zn-4.3XA 1 - 2. 6X 
Mgt/cliZn-4.3XA 1 - 3. 8XM g i L J^^'Mi. S3 ilWi^l^r^ia 

*q#^>n/Co ^fzmm^Zn -e.2%A 1 -1.5XMg^/^{iZ n - 6. 2X 
A 1 -3.8XMg<i:U/cJ!iinii. ^ 3 <t {CfStS <i: ?^±PiiE^^;t 
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Cl9Jn^BAl*0] t CA 1 n /Z n 2M g©H7i:*n1iia^3 t(0^t\- 
C Z n 2M g + Z n , iM g 2] t^fy^Ltz ^Oli, fjijECD Z n 2M g ^0 
<k 9 ^i:^^ ^ cJSn/c t^DT^-So zom.'^Akc^ Z n 1 ,M g 2^©fflli 

$«?»{C. 36o^?Sfflfi£<i: LT. ^©(1) -(5) ©^©. tflt>-h, 

(1) A 1 = 4.0fifi% 
Mg = 1.2SJ:%. 

T i = 0—0. 135 S*% 
B= 0-0.081 

mn= Z n 

(2) A 1 = 4.2S1:% 
Mg== 3. 2fiJ:%. 
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T i = 0 — 0. 135 
B = 0-0. 081 
= Z n 

(3) A 1 = 6. 2fi*% 
M g = 1. 

T i = 0-0. 135 

B = 0~0. 081 11*%. 

m^= Z n 

(4) A 1 = 6. 1SS% 

M g = 3. 9m»%. 

T i = 0—0. 135 fiM% 

B= 0-0.081 mm%, 

n.u = Z n 

(5) A 1 = 9.5fia:% 
M g = 3.8mfi%. 

T i = 0-0. 135 

B= 0-0.081 fil:%. 

nn= z n 

cn^>(l) -(5) (DXoK, AlSiM gfi^^'fl:$-li-/c^'^ ^ 5 

iw^L^4i-T i » • B*©fe©<t^ < i^=^oj6o ^igia^fc J;cfmafp 

•T'S A 1 tMgO^jtlDlgfflCiJl^T A 1 J; CJ^M gacl^^ '^•ri§ I? 




PCT/JP97/04594 



mmm e ] 

ftB^mmu : §iflj&mi?0EaBii^ (-r v^-r yx-mm) , mm : 2. 3 mm 
MTt^mmmmm^ 5 s 0 °c. isr i^i^gEim®^.-^ : - 3 0 -x: 

A 1 = 6. 2ffi»%. 
M g = 3. Ottfl:%. 
T i =0 ^fzli 0. 030^*%. 

B =0 -^tzit o.oi5as%. 
mu= Z n 

J6 o : 390~500 °C 

36-^ ^|^©?#i|JiiJg : ^i^yj^X' 0 . 5 ~ 1 0 °C/^> 
Cf^mW-fiili0$E.^,©W^(i^ 5 xmn L/C t>0<i:l^ bT'*)-5o 
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No 



3 8 



m 6 



mm.m wt% 



Al Mg Ti 



B 



'C 



'c/s 



1 

2 
3 
4 



6.2 3.0 0.030 0.015 



II 
II 



390 
390 
390 
390 



0.5 

4 

7 
10 



ZnzMg+Zni iMgz 
II 

Zn2Mg 



5 
6 
7 



6.2 3.0 0.030 0.015 



410 
410 

410 



0.5 
4 
7 



ZnsMg 



8 
9 
10 



6.2 3.0 0.030 0.015 



// 

// 



430 
430 
430 



0.5 
4 
7 



ZnzMg 



11 
12 
13 



6.2 3.0 0.030 0.015 



a 

n 



460 
460 
460 



0.5 
4 
7 



ZnzMg 



14 
15 
16 



6.2 3.0 0.030 0.015 



500 
500 
500 



0.5 
4 
7 



Zn2Mg 



17 
18 
19 
20 
21 
22 
23 
24 
25 



6.2 



3.0 M 
« 
II 

H 
ff 
ff 
0 
II 

n 



410 
410 
410 
430 
430 
430 
460 
460 
460 



0.5 
4 
7 

0.5 
4 
7 

0.5 
4 

7 



ZnzMg+Zni iMg2 



t CA 1 /^Z n /Z n 2M gOHjC^H^aiia^] ttZKi, Zni,Mg2^0 



WO9S/26103 ^ 

3 9 



PCT/JP97/04594 



jfeo^MJiSc (Ti • B^?jn©^^©^{^A 11:) A^iB^I'l*^ .k 

^aaSSa^S : ^U%^<^^^^'^ l . ^ mm) 

^Ttr^i^fl^tSia : 6 0 0 -C. ^ri^^arvOfl.^, : - 4 O'C 

A 1 =0. 15-13. Ofifi^. 
M g =3. Ofil:%. 
T i =0.05S*%. 
B=0. 025 
^«|5= Z n 

^^^Jl©^#T^^l4lz n-A 1 - Mg (T i • B) it^^mu^^m^b, 
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4 0 







9/ In 


tXl /B iJ-' 




Al 


Mg 


Ti 


B 


1 

1 


0.15 


3.0 


0.05 


0.025 


3 5 


@ 


2 


2.0 


3.0 


0.05 


0.025 


29 


© 


3 


4.0 


3.0 


0.05 


0.025 


1 8 


@ 


4 


5.5 


3.0 


0.05 


0.025 


1 7 


© 


5 


7.0 


3.0 


0.05 


0.025 


1 6 


© 


6 


9.0 


3.0 


0.05 


0.025 


1 4 


© 


7 


10.5 


3.0 


0.05 


0.025 


1 4 


A 


8 


13.5 


3.0 


0.05 




0.025 


1 4 


X 



MTtrS^iilB^S^ : 6 0 0 °C. ISrrt#H^OM.^, : - 3 0 
: 4 0 O'C 

9^ t'>^'^-X : C^^O. 1-1 2vol.%{wl^^) 



PCT/JP97/04594 

WO 98/26103 

4 1 

: 5 0. 10 0' 1 5 0 ^/c(i 2 0 0 g/m^ 

A 1 = 6 . 2 
M g = 3 . 5 

T i = 0 . 0 1 
B = 0.0 0 2 

mu= Z n 
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9 ) 
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WO98A26103 

4 3 

^at^lini : NOV ^ ^ CD r> ^ 

mnmm \&.^mT)ii^f\^ K^o^^siti^ (m^ •. o. s mm) 

j6o : 4 5 0 °C 

J6o^@^t*:5 0. 1 0 0. 1 5 0 t/cli 2 0 0 g/m^ 

A 1 = 9 . 1 Si% 

M g = 2 . 0 fi*% 
T i = 0 . 0 2 S»% 

B = 0.0 0 4 m*% 

mn= Z n 

ir^SIS : 0.1-1 2vol.% 



wo 98/26103 



PCT/JP97/04594 



4 4 



r.mit^'^m^ : 0 . 3 ~ 1 0 vol. % 
TKS^it^ : 1.5-5.3 vol. % 



50 



50 



50 



50 



50 



50 



0.1 



1.0 



3.0 



5.0 



8.0 



12.0 



100 



100 



100 



100 



100 



0.1 



1.0 



3.0 



•3 



(%) 



0.04 



0.06 



0.07 



0.08 



0.12 



0.15 



o 



o 



o 



0.05 



0.06 



0.09 



5.0 



8.0 



100 



150 



150 



150 



150 



150 



150 



200 



200 



200 



12.0 



0.1 



1.0 



0.12 



0.14 



0.18 



0.05 



0.07 



3.0 



5.0 



8.0 



12.0 



0.1 



1.0 



200 



200 



200 



3.0 



5.0 



8.0 



12.0 



0.09 



0.12 



0.15 



0.26 



0.07 



o 



o 



o_ 

A 



X 

O 



o 



A 



0,09 



0.10 



0.13 



0.18 
0.35 



O 



O. 

O 



PCT/JP97/04594 

WO 9806103 ^ g 

f^om^MJ^lt 5 vol. %.*t:fr-^'^t -So 



C^M<?'J 1 0 ] 

^ X ^ m -M- 4^ ^, T . v. - ^ X 1^ © 9 ^ t- > r y X 

ii4 ^" ^ ^ "l^ ^ Hi t /cl^i] ^ -r o 

.y i.Xl^li'?^ t->r:^X<^:l^bMfi)c0:^■x1^EBmlcmlt^*^Tt^^<i: 

it « T 9 >f h- > ^ # X 0 ®? II ^ JS ^ ^ ;i T # ^ 26 o ^ 4S © ^ «'i 

^L. mi O0SI§*^?t^- mi 0{c*>i^T ri/-;i.rt-:.y ^xi^©MII 
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4 6 



1 0 





-> — ;u ^7 :^ 
(7)1$^ ills 


(%) 




50 


0.1 


0.03 


o 


50 


1.0 


0.04 


o 


50 


3.0 


0.04 


o 


50 


5.0 


0.06 


o 


50 


8.0 


0.07 


o 


50 


12.0 


0.11 


A 


100 


0.1 


0.04 


o 


100 


1.0 


0.04 


o 


100 


3.0 


0.06 


o 


100 


5.0 


0.06 


o 


100 


8.0 


0.08 


o 


100 


12.0 


0.12 


A 


150 


0.1 


0.05 


o 


150 


1.0 


0.05 


o 


150 


3.0 


0.06 




150 


5.0 


0.07 


o 


150 


8.0 


0.09 


o 


150 


12.0 


0.14 


A 


200 


0.1 


0.05 


o 


200 


1 .0 


0.06 


o 


200 


3.0 


0.06 


o 


200 


5.0 


0.08 


o 


200 


8.0 


0.10 


o 


200 


12.0 


0.15 


A 



s^>^^Tli v'-^prK y ^ 7.^(Dmmm^^ s voi. %^2Tt-rtnt, to 
immm i i ] 
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4 7 

nxv\ ( 2 5 0 mm) ^^-^fz^OXh^o 
C O Dfl a lllJ i- "^^ 'l^^^S ^ 5 1 # . 

t^^'l:^^*"C©^llJli^ =ni i 

L 4'©lilO^= Nm 

L 4'0^©tS^= Vm 

V = 2 V i/ Vm 
h" f-= L / Nm 

5fi^h'.y^Ti^u. c:n*%^^-rna. >^.<^s*^**ao z<Dm^^ 
m^^it-rnit, ^mb. (%) =1 0 oxNmx cm + v) xhtu^o 

a8 0i6o^gtt*:= 1 5 0 g/m^ . 7 t° > ^ X 
©M^^gS= 5. 0 vol. %T'?#«^n/wJ!6o^^*fi'C(i. 
L=2 5 0x1 0^ i[£mlw*>H^TSmi=l 7 2 tim. 
Nm = 2 5 , 
S V , = 1 3 7 jt/ m. 
Vm = 2 5 *^*86 'c>tl. 
^i^lSI&M (M + V)=12.4/zm. 

h''»yf-=10xlO* jumt^io/Co 

j;r>T. ^.ii^s= 0.12 %*<^m$n/co 



PCT/JP97/04594 
WO 98/26103 

4 8 



immm i 2 ) 

ft <!: 1^ ^ 1i ® M 1^ ^ ^ i" o 
©6. bmmib<mBOl 0 mm) T^*;. I^^li;^^'^ 0 ^ fC^^i^ 



(j^;^ : 0.8 mm) 

5 0 m/5> 
J6o^?Sia : 4 0 OT 

mmt^m 3 # 
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4 9 

7^ t: >^'#x : mmmmb vol. %, muii<M^<^^^^^^'^ 

9 t: > XJ\y(D^M : ^-t 10 0mm 



A 1 = 5 . 8 1 
Mg = 3. 1 S4% 
B e = 0 . 0.0 0 0 6 

mu= Z n 

^ h° > y ^-X ontME^&li^-r ^ C t {1 =k n > h D - ;W b/c, 



0.001. 0.0 15^ /cli 0.05 











1 

2 
3 


5 0 
// 
// 


0 

0. 0006 
0.001 


o 
o 

© 


4 


// 


0. 015 


© 


5 


// 


0. 05 


© 


6 
7 


1 0 0 
// 


0 

0. 0006 


A 
A 


8 
9 

1 0 


// 
// 

// 


0. 001 
0.015 
0. 05 


© 
© 
© 


1 1 
1 2 


1 5 0 
// 


0 

0.0006 


X 

X 


1 3 
1 4 
1 5 


II 
It 
II 


0.001 
0. 015 
0. 05 


© 
© 
© 


1 6 
1 7 
1 8 

1 9 

2 0 


2 0 0 
II 
II 
II 
II 


0 

0. 0006 
0. 001 
0. 015 
0. 05 


X 
X 

O 
© 
© 



wo 98/26103 




PCT/JP97/04594 



5 0 

(1) A 1 = 5. 8fifi% 

M g = 1 . 5 m*% 

Be = 0. 0.0 0 0 6. 0.0 0 1 , 0 . 0 1 5 ^ /cli 0 . 0 5 

(2) A 1 = 9 . 5 mft% 

M g = 3 . 6 m*% 

Be = 0, 0.0 0 0 6. 0.0 0 1. 0 . 0 1 5 * /cli 0 . 0 5 

mn= z n 

(3) A 1 = 9 . 0 sa% 

Mg= 1 . 2S1:% 

Be = 0 . 0.0 0 0 6. 0.0 0 1. 0 . 0 1 5 * 0 . 0 5 
Z n 

(4) A 1 = 5 . 8 £4% 

M g = 3 . 1 ms% 

T i = 0 . 0 3 
B = 0.0 0 6 
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PCT/JP97/04594 



5 1 



Be = 0. 0.0006. 



0.001. 0 . 0 1 5 * /cli 0 . 0 5 



m^^= Z n 

(5) A 1 = 5 . 8 mft% 
Mg=1.5Sft% 
T i = 0 . 0 3 fia% 
B = 0.0 0 6 nM.% 

Be = G. 0.0 0 0 6. 0.0 0 1. 0 . 0 1 5 ^ /cli 0 . 0 5 



mu= Z n 

(6) A 1 = 9 . 5 mm% 

Mg = 3 . 6m»% 

T i = 0 . 0 1 S»% 

B = 0.0 0 2 sa% 

B e = 0 . 0.0 0 0 6. 0.0 0 1. 0 . 0 1 5 * /cli ( 

M= Z n 

(7) A 1 = 9 . 5 
Mg= 1 . 2fifi% 

T i = 0 . 0 1 mi:% 
B = 0.0 0 2 

Be = 0. 0.0 0 0 6. 0.0 0 1. 0.0 1 5 ^ li 

^^15= Z n 



mmm 1 3 ) 



PCT/JP97/04594 

WO98AZ6103 

5 2 

1 2 Iw ^ U o 

^jaai^^iini •• )ife^^§a!fei^> o # •> ^ i^- ^ 

miiaitS : (J?''?^ : 0.5mm) 

mumm : i o o 

it-o^mu : 4 2 ot: 

9 >r h° > X : 

9 ^ t" XJV^m : 15 0mm 

A 1 = 6 . 5 nA% 
M g = 1 . 1 

B e = 0. 0.0 0 0 6 . 0.0 0 1 . 0.0 1 b^tHtQ. 0 5 

mu= Z n 
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5 3 



1 2 





nS^MS (g/m') 


B o :^%J^(.wt% .) 




1 


5 0 


0 


O 


2 


// 


0. 0006 


o 


3 


ti 


0. 001 


© 


4 


If 


0. 015 


© 


5 


If 


0.05 


@ 


6 


10 0 


O 


X 


7 


// 


0. 0006 


A 


8 


If 


0. 001 


@ 


g 


II 


0. 015 


© 


1 0 


II 


0. 05 


@ 


1 1 


15 0 


O 


X 


1 2 


// 


0. 0006 


X 


1 3 


// 


0. 001 


O 


1 4 


If 


0. 015 


© 


1 5 


ft 


0. 05 


© 


1 6 


2 O O 


o 


X 


1 7 


// 


0. 0006 


X 


1 8 


If 


0. 001 


O 


1 9 


II 


0. 015 


© 


2 0 




0. 05 


© 



(1) A 1 = 6 . 5 fi»% 
M g = 2 . 6 

Be= 0, 0.0 0 0 6, 0.0 0 1. 0 . 0 1 5 ^ /"C 0 . 0 5 

H^P = Z n 

(2) A 1 = 6 . 5 m»% 
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5 4 



Mg = 2. 6fi»% 



2 . 6 

T i = 0 . 0 2 mA% 
B = 0.0 0 4 SM% 
Be = 0. 0.0006. 

nm% 

BU= Z n 
(3) A 1 = 6 . 5 mft% 

M g = 1 . 1 mM% 

T i = 0 . 0 2 S*% 
B = 0.0 0 4 
Be=0. 0.0006 

-^U= Z n 



0.00 1. 0.0 15*/;li0.05 



0.001. 0. 015* /cli 0.05 



mmm 1 4 ) 

TSE©$i>o^^<f|^Titmz n - A 1 - M g 36 o ^ii^^iSiit L, 
n/ci§g!lii6o^ii3t5©ili:^1?fe^lS3-</Co it^lili S S T (J I S-z- 

2 3 7 1 izuomTi^mmum) ^8 0 ommn-otzmomiki^M cg/m^) 

toailB^S : llffii^Hi^SS^ : 0 . 8 mm) 

iitSoiS : 7 0 m/^ 
feo^?&ia : 4 0 0 T 
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5 5 

7^t:>:/^"^: 5 vol. ^Oa+^Na 

7^ t°>r/ X^biiS : v§± 1 0 0 mm©& 

Jt®t^*S -.150 g/m=' 

A 1 = 6. 2m»% 

M g = 2 . 8 S*% 

T i = 0 . 0 1 fia% 

B = 0.0 0 2 as% 

Be=0. 0.001. 0.02. 
Z n 

mi 3 



.0 4. 0.0 6 tfzli 0.08 









1 


0 


17 


2 


0. 001 


17 


3 


0.02 


17 


4 


0. 04 


18 


5 


0. 06 


25 


6 


0.08 


28 1 



^ ^ ;t I ^ C t 1) :^>^ ^ o 

^ ir ^ 1^ o ffl ^ ® :^ *^ ^ ^ » 
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5 6 



1. A 1 : 4. 0-1 om*%. Mg : 1.0-4. omAH, 
A 1 - M g i6 -5 i: 



2 . A 1 : 4 . 0 ~ 1 0 m^%. M g : 1 . 0 - 4 . 0 m»%, 

CA 1 /Zn/Zn2Mg© = 7i:#^«"Hmi^) 0#it64'(w C15J«"bA UB3 
0timMZ n-A 1 - Mgfeo^S 



3. &o^®CD^®«a«feli. Cl3I^BAlffi] t CA l/Zn/Zn^ 
Mg©H7fc*«^«m^] ©^ti-S: 8 0^tt%iaJi, CZnmffi) :15 
^a%i^T CO^ii^^^ti') T*>^li*®lgffll *^^'*2{CHalfeO^ 
StZ n - A 1 -Mg J6o^ 



4. i6o^Ji0^S*ai^«i. tA l/Zn/Zn,,Mg2©H7C#tB^a 
©-C*>;Sli^^l. 2*/c{i3Jwia«fe©t§i!iZn-A 1 - MgJ6o#S 
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WO 98/26103 

5 7 

5. A 1 : 4. 0-1 Om«%. Mg : 1.0-4. Omft%. 
illZ n - A 1 - M ga6o^litS©M^i*o 

7 . A 1 : 4 . 0 ~ 1 0 m*%. M g : 1 . 0 ~ 4 . 0 m»%. 

Z n *J J; HTitKJ^^^^fel*^ ^ ^ ^ ^ ^ ' ^^^^ ^ " " 

A 1 -MgJ6o^lM«©i^^^-^*-'*^- ^26-,#^©?Sia^ 4 7 0 °C 
iUii<i:L^o^§lj.feo§)i®M®^7*T'0?^iUMS*0. S't/tJ^iU 

± I $ij -r S c i ^ # m i -r ^» W ^ ct ^ ® ^ SI ® ^ ^ z n 

-A 1 -Mg86o#Sll^®^^^o 

8. j6o#i9'K©86-.#Ji*^. CAl/Zn/Zn3Mg©H7C#^H«« 
n - A I - M g 26o#i9tS©ii3t^o 

9. Al:4. 0-10.0 ma%. M g : 1.0-4.0 mi:%. T i 
: 0. 0 0 2 - 0. Ififi^^o. 6:0.0 0 1 - 0.0 4 5 mS%, 

Z n *> J: O^^^iSKlT^^'^*^ ^, S to o ^ )i ll?^fi5c t /cfgm 

Zn^too#i««-t?*-:>T. ^IStoo^li*^, CAl/Zn/Zn3Mg 
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WO 98/26103 

5 8 

10. Al:4. 0-10.0 mS%. M g : 1 . 0 ~ 4 . 0 m*%. T i 
: 0 . 0 0 2 ~ 0 . 1 m»%. B: 0.001-0.045 ^SP*^ 
Z n *J .fc C>' T^ ^ ii ft^ T> ^ ^ 26 o ^ 1 ^ ^ *S ^ ® { w fiJc b f§ ill 

Z nSJ6'.^tm-e^oT. ^^mi6-o%mfJ<, CAl/Zn/ZnzMg 
^mm^^Wt-^»^t'lfc«ti:>*^ifii^i'S&®^*^'^<*^^^^ " - A 1 - Mg 

1 1. i6o#)i0^Mm^{i. m^BA \m t CAl/Zn/Zna 
Mg^HTC^B^BiSi^D O^W* : 8 0^«%ia^±. CZn#*B3 : 15 

igillZ n - A 1 - M g^J6o ^^t£o 

1 2. i6-^^li©^Mi^i^«. CA 1 /Zn/Zn,,Mg2©H7t;^ 

t CZn^ffi) ;!>m^bLT/j:S Z n ,iMg2^>©^B^*K-t'^^^<^'''^ 
©T*Sm5^©ISffl9. 1 0*/clil 1 {lia^OiglSlZn-A 1 -Mg 

13. A 1 : 4 . 0 ~ 1 0 . 0 ma%. M g : 1 . 0 ~ 4 . 0 

T i : 0.0 0 2 -0. lfiS%. B : 0. 0 0 1 - 0. 0 4 5 mft%. 

HSB*^Zn*5J;jy^*T>^iglft^T-^«l^*^'^^«f^^^®»lZn-A 1 -Mg^fe-^ 
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WO 98/26103 ^ 

5 9 



14. A 1 : 4 . 0 ~ 1 0 . 0 Sm%. M g : 1.0-4.0 
T i : 0. 0 0 2-^0. lfi*%, B : 0. 0 0 1- 0. 0 4 5 ®*%. ^ 
Z n *> J; T-'5Ii^fl^jT>^«fe*^ ^ ^^afe*^ ^ '^^^ ^'^^^^ ^ 

-A 1 -Mg^J6o#iiifioMit^-e*.oT. M86o$mo-^^a^4 1 

t^mWt-t^m^^^iiX^^^'^'^^^^^^^^^'^ n - A 1 -Mgl^ 

15. J6o#^<S©»5>-^^®*^. CA l/Zn/Zn.Mg®H7C* 
itZn-A 1 - Mg^i^o^l^SOiiJt^o 

16. A 1 : 4 . 0 ~ 1 0 . 0 fift%. M g : 1.0-4.0 m4%. 
>i;^MtCl£;DT$^{CT i : 0. 0 0 2 - 0. lfiS%. 6:0-001 

OiiitJ^T* oT. ^7 ^ f > r#x4'a)M#aE^ 3 vol. %ii^T(w b 



A 1 : 4 . 0 - 1 0 . 0 S:M%. M g : 1 • 0 - 4 . 0 mi:%. 
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S^lZi:^^\^X^ihlCT i : 0.0 0 2 -^0. 1 fi»%. B : 0. 0 0 1 

~o. 0 4 5 S*%^^WL, mM'znioxar^'^Mmr^'i^m^'hti 
.y xi^os^^^ts^ 8 vol. %iiiTc uTJ6o #ii^®{wiani>^^^® 

*g=^'^^yP$lJT^^§illZ n - A 1 - M gfeo^iSl^ao^^^o 

18. A 1 : 4. 0-1 0. 0S:«%. Mg : 1.0-4. Om*%. 

t>CT i : 0.0 0 2 - 0. 1 S*%. 8:0.001 

^ftfeS (%) = 1 0 0 xNmx (M + V) /L ' * 

L=^tiS$ ( 100xl0^itfmJ[U_h. fi?'Jx.{i 250xl0'//m<!:"r5) . 

Nm = ^ 4* <Z) lil ® ifc . 

19. A 1 : 4 . 0 - 1 0 mS%. M g : 1.0-4.0 B e 

: 0. 0 0 1 - 0. 0 5 mS%. ^«B*^Zn*J«l:y^^^iK«l^^*fi^*^'^ 
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WO 98/26103 

6 1 



2 0. A 1 : 4. 0~1 om«%. Mg : 1.0-4. Ofifi%. T i 
: 0 . 0 0 2 ~ 0 . 1 nm.%, B : 0 . 0 0 1 ~ 0 . 0 4 5 Si%. B e 

: 0. 0 0 1-0. 0 5S*%. mm^zn^j^or^^Mn^r^m.^^-^ 



2 1. A 1 : 4. 0-1 0SS%. Mg : 1.0-4. OSM^. 'iJ^^ 
ICCt^bXT i : 0.0 0 2 - 0. imS^^JckCFB : 0. 0 0 1-0. 0 

0.0 0 1 - 0.0 5 m»%0B e ^^ira-r-s c <i:^#mi-r 
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